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SEROLOGY AND IMMUNOLOGY AS AIDS IN DIAGNOSIS OF SRYPHILIS

Revue dy Praticien G. Dagust
(Medical Practitioner's Review)

Vol 14, pages 1815-18, 1821-24, 1827-28, 1831-34, 1964

The aid of serology and immunclogy in diagnosis of syphilis
should be neither overestimated ror underestimated. It would be just as
senseless to base diagnosis of syphilis exclusively on a single sero-
logical examination, disregarding clinical examination, as to try to
ignore or interpret without sufficient knowledge the information fur-

nished by serology in conformity with the fundamental principles of
imzunology .

In the presence of cutaneosucous lesions from a recent syphilis,
or of typical manifestations of tardy syphilis, the well-informed cli-
nician will make his diagnosis. However, while the search for satibodies
is alwvays made, this is done on the one kand by way of confirmation
of the diagnosis, and on the other, as a prelude to long-term surveil-
lance of the evolution of the antibody rate under the influence of
treatment. This latter aspect, which is subject to cont:cversy, does
not fall vithin the framswvork of our study.

Our study comprises the situatione in vhich serology plays an
esgential part on the diagnostic plune. When examinations are made
for the purpose of systematic detection, serology is used to elimi-
nate any suggestion of syphilis or is the only element vhich reveals
8 ¢linically mute latent infection. These examinatiors are made on sise-

able fractions of the population, and nearly 1% of their respooses are
positive in France.

Once latent syphilis is revesled by serclogy, the second ques-
_tion vhich arises is vhether this infection is evolutive or not. Is
quentitative serology able +¢o throw light on this problem? This.
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subject has to be discussed with great prudence, for delayed hyper-
sensitivity or sllergy induced by the prolonged presence of treponemas
in the host counts perhaps more in the pathogeny of tardy lesions than
the nusber of treponemas. Hovever, the ssrous antibody rate is cer-

uinl,y proportional to the number of %reponemae present in the or-
‘“ am,

In the face of clinicelly equivocal or typical manifestations

of regent or tardy syphilis, Serology again repressnts an essential
eleamant of diagnoeais.

Cephal orachidian 1liquid lends itsslf tc the same investiga-~

tions as does serum. Its atudy furnishes appreciable eleaments for
diegnosis of neuroeypuilis.

Berology of syphilis has the benefit «f nearly 60 years of ex-
perience. At the risk of offending soms, it is indispensable to do
some trimming i Sider to drav & relstively clear picture of the re-

sources whiich the clinician has a right to expect in order {o estsblish
his disgnoeis.

The serological reactions most videly used in France are classi-
fied in the following table:
Reacticns to

Reaction to Non-Treponemic Aatigens Treponemic Antigens

Pixation of complement
Bhort incubation at 379: Depanche
Debains Rsiter: fixatioa of comple~
long incubation at « &O: Kolmer ment
Agglutinetion-flocculaticn: Kiine
VIRL (Venersal Psthogenic treponemas:
Disease Research La)borttory) Felson Test: TPI
Kahn
Opacification-Clarification: (Vernes)
Meinicke)

Non-pathogenic treponsmas:

Ismny~oflverescence: FIA

Reactions to Non-Trsponemic Antigens

Fixation of Complements (C'):

In 1901, Bordet and Gengou described the fixaiics of C' (guinea-
Pig serum) by mesns of immuns antigen-antibody complexes and revealed
this fixation by & hemolytic system: red corpuscles from sheep ssnsitized

by sn antisheep amtibody (bemolysin or moccym). T™he reaoticn is
effected in tvo phases:
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Antigen ¢ serum under examination ¢ C' ¢ GRS

The response from this reaction is interpreted in functioa of
the folloving dats:

I 11
Antigen ¢ C' = non-fixation ¢ GRS s hemolysis
Antibody ¢+ C' « non-fixation 4 GRS = hemolysis
Antigen + antibody ¢+ C' & fixation + GRS = absence of he-
molysis |

Hemolysis = ebsence of antibody
Noa-hemclysis = presenca of antidody

The presence of the apacific serous antibody evidences the pre-
sence ¢f the howmologous antigean.

wla

i In 1905, Schaudinn and Roffman discovared the pele agent tre-
| ponema of esyphilia.

, In 1906, Wasserpann, Neisser, and Bruck applied the Bordet re-
' actizon to serodiagnosis of syphilis by using as an =ntigen an aqueous
liver extract from syphilitic stillborn infants (liver very rich in

treponemas, replacing the unobtainable culture of this microorganism).

. ' With such an antigen, Wassersann observed the fixation of C!
D F by the serums from syphilitics and non-fixation by the serums from
. 3 normal subjecte; thus he thought he had revealed an anti-treponemic
antibody, which later was to be called "Wassermann's reagin."

Ll g

In 1907, lavaditl and Merile showsd that aGusous Oor alconolic '
‘ liver extracts from non-syphilitic stillborn infants behave in the
! Vassermann test like liver extracts from syphilitic stillborn infants.

Hence it is not the ireponema vhich plays the role of antigen

in the Wassermann test, but a substance” present in extracts from organs F{
of human or animal origin. landsteiner made it clear in 1906 that the

Waseermann antigen is of a lipidic nature and that one can reslace an
extract from an organ with an alcoholic extract from its lipids. Thence-
forth it has besn considered that the Wessermann test does not detect

& trus anti-treponsmic antibody. In spite of the obscurity clouding

the exact mechanism of this reaction revealing e "reagin" (vhich no

one makes bOld to call an antivody any longer), this method was wviAs.:;
vaed and provided useabls results for seroiiagnosis of syphilis. :
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Numerous variants of Wassermann's original technique were

later described. Among the best known in France, ws m.ilox lecht's
reaction (1909) to fresh serum (conveying the C , the hemolytic anti-
body e-d possibly ths riigiz); tis Celimcuie-Messcl caoilon (4521) wika
several doses of C*, furnishing & relative quantitative notion; the
Demanches and Debains reactions (1933-1934); and the Kolmer resction
(1935-1940), very carsfully balanced and the prototype of long-incuba-
tion cold reactions vith low coacentration of C' and red corpuscles.

. The antigenic resctives used in these rcactions vere of empirical
preparstion, variable in quality from one batch to snother. The result
vas frequernc discordence in tne responses furnished dy these techniques.

In the same wvay, the delicate adjustment of the hemolytio eystem proved
to be a cause of error. .

The Opacificetion-Clarificetion-Floocuiation eactione:

Thus, thas serclogists tried to discover the complex formed by
the Wassermann antigen and the syphilitic serum without using fixantion
of C'. Thus there came into being methods making it poseible to detect
tne formation of inmsoluble precipitates by clarificaticn, opacificatiom,
and agglutination. In Fre ce fn 191.7-1918, A. Vernes prepared an alco-
holic extract of horse's heart wvhich, placed in contact vith serums from
syphilitics, causes an opscification vhose intensity is read with pre-
ciaion by the photometer. In Germany, Meinicke, SBachs Georgy used
other detectors. Kahn's agglutination-flocculation technique (1926),
vith antigenic preparation sensitized by cholesterol, was very wvidely
applied. On the eve of WW 1I, the specificity and sensitivity of a
nltitude of techniques were improved, but the bisic mechanism of
syphilis serology was atill unknown. Fixative, cpacifying, or floc-
culant properties of syphilitics' serum were referred to without consider-
ing tue Wassermann reagin s s true antibody, still less an anti-trepo-
nemic antibody. Bome thought that the reagin was a "substunce” produced
in respocse to an abnormal lipidic tissus cowponent developed in the
course of treponemic infection (sutoantibody).

In the United States in 1941, Mary Pan_orn /illegible/, snalyse
ing alccholiz extrscts from beef heart,discovered ths specificaliy

aotive frgction in Wessermann's entigen, Tnis fraction, isolated ip
The pure siule, {8 & cupplex puesphdlipld responding Ve i chemloally
defined formuls; it is cerdiolipid (or esrdiolipin).

It has been demonstrated thst cardiolipid is & hapten -- i.0.,
a substance capable of reacting with en antivod; in vitro, dut in-

capable of bringing about the forzation of this antidody by injeci.i-a
in the animal. When this Wassermann hapten i3 coupled expsrimen’ A 1l

_ vith proteins (buman serws, pig serum) snd then inoculsted into &

Tebbit, the rabbit produces -n antibody veha-.ng like the Wasserwann

.kn




R R

reagin present {n the serums ¢ syphilitics.

It has also been demonstrated that cardiolipid is present in a
large nusber of living organiems: it is found in all the animals, in
certain microorganisms. in the vegetables. Despite this very wide
disvraoution Of cardiolipid in the livipg world, it is established
that the corresponding antibody, Wassermann's reagin, is found prac-
tically only (with very rare exceptions) in the serum of individuals
afflicted with treponematoses (syphilis, yaws, etc.).

Cardiolipid has been found in the body of the pale treponems,
and there are strong indications that only the cardiolipid present 4in
pathogenic treponemas (probably linked to specific proteins of these
treponemss) is naturally active aa a complete antigen in vivo and
§ives rise to the reagin. Inoculation into an aniem)] of noun-pathogenic

treponemss (Reiter) coataining cardiolipid does not cause the forma-
tion of resgin.

Inocwlation intv an animal of living pethogenic treponemas
containing cardiolipid brings about the formaticn of reagin. However,
inoculation of dead pathogenic treponemss, vhich csuses only very
alight tissue leeions in the host, also brings about the formation of
reagin.

Thua, cardiolipid of pathogenic treponemss is considered by
many jmmunologists as the true antigen causing the formation of reagin
in syphilitics, and cardiolipid from other sources, as the hapten sup-
porting the specificity of the reactions to non-trepoaemic antigens.

The reagin has been obtained in the pure state from serums from
syphilitics subjected to different immuno-chemical treatments. It has
been 1dentified as an antibody globulin vhose electrophoretic character
varies during the course of syphilitic infectfon. It is Zirst of all
& 78 gamwma globulin, then a 19 S glodbulin; it is reported to dbe found
even in the alpha globuline in the serums derived from tardy syphilis.
What 1s beginning to be known about the heterogeneity of the antibodies,

rainly thanks to Porter's work, opens up the pussibility of distinguishs.

ing in tho future betveen the reagin vhich evidences recent syphiles
from the corresponding reagin for tardy syphiled. In other words, it
may become possible to differentiate tho antibodies corresponding to
a noo-evolutive syphilis from those linked to an esvolutive syphilis.

A number of absorption experiments have clearly dsmonstrated
that Wassermann's reegin is distinot from the immobilising aatidody
and from the group antiprote’n. '

1 sunsliy, WdisiehaiR': Maglh 13 83 aabdlipid{e gatibody
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forming complex inmunes with cardiolipid. Cardiolipid is present in

all the non-treponemic antigens in viariable proportions, no matter what
their mode of pr . paration.

Cumplszsnt-Fixation »=~* Tigcculation Reactions Using Cardiolipidic
Antigen (80~Called "Classical" Berology):

Cardiolipid (whether resulting from an eapirical preparstion or
better, from a standardized method), employed in 16clation in these
reactions, i# only very slightly antigenic: its serclogicel properties
depend mainly on the form in which it is presented.

It has long been recognized that certain substances present in
variable quantities in organ extracts, such as cholesterol and lecithin,
can act, by non-specific physical-chemical phenomena, as adjuvants or
additives, considerabiy increasing the antigenic power of certain pre-
paraticns. (We recall, for example, Demanche's antigens: 'normal”
antigen, not very sensitive; "cholesterolated” antigen of higher sen-
sitivity.)

The antigens best controlled at present all contain cardiolipid,
lecithin, and cholestercl. These three products are soluble in alcohol.

Cholestervl, which is insolubl: in vater, precipitates and forms
erystals. Lecithin, esulsified in water, places itself on the surface
of ths cholesterol crystals and acts as a stabilizer.

Cardiolipild, vhich has a strong affinity for water, arranges it-
s31lf oo the swface and sticks to the lecithin.

For example, in the particles of Kline s antigen (flocculation),
the cardiolipid is found st the very surface, presented to the anti-
body molecules. These particles, scattered, are big enough to dbe
visible under the microscope at low magnification. But it is lumportant
to adbere to the optimum ratios betweer cardioclipid-lecithin and choles-~
terol. The particles of Kolmer's antigen are smaller than thoss of
Kline bocause of the differeat ratios among cerdiolipid, lecithin, and
cholesterol.

Mechanism of Kolmer's C' Fixation Reaction wvith Cardiolipidic Antigen:

In & first ~hase, the serum, previously decomplemented by heating
for 30 minutes at 56°, is added to the antigen and to the complemsnt
introduced in a 1isit dosage determined by prsliminary testing. Toe. ...
mixture 1s incubated for 16 hours at ¢ 49,

e~ If the serum contains antibodies, there 1is first a

-6 -
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cardiolipid-reagin union, and then fixation of C'.

-- If the serum does not contain antibody, antigen and C'
remain free.

The long lncubation Tavors the antigen-sntibody union; ia order
not to deteriorate the complement, this incubation is done at + 4O,

AZLIr reheatino at 7O, the red corpuscles sensit!~wd by hewd)y-
8ln are added. The reading i{s taken with the naked eye vhen there is
total hemolyeis in the control samples. The respoase is described in [
accordance with the following code: 4

total hemoliysis * « = negative £ absence of antibody
partial or nil hemolysis = +, ¢, ++, to +++ = positive s presence of
antibody

Each serum must be tested simultanec..ly in a control tube, in
the abeence . antigen. In effect, & certain number of ser-ums xaAy be
anticogplementary: they impede the action 9! hemolytic C'.

In practice, it is mainly a case of serums highly contaminated
by bacteria; more rarely, it is aggregates of gamma globulins formed on
heating which fizxes C'; finally, certain serums may collect Cal and
Mgl ions -- lons which sre necessary for the action of hemolytic C'.

An answer: hence, anticomplementary serum does not in any case make it
possible to prejudge the presence or absence of sntibody.

Kolmer's technique, widely used at precent, has & high sensiti-
vity and good specificity. Even more precise meihods are besed on de-
finition of the C' concentration by SO% hemolysis. Before adopting
them, it should be determined whether they are compatible with the '
conddticns of prscieion for routine vork.

A disadvantage of the Kolmer technique has to co with the dura-
tion of this reaction -- about 18 hours. Thus, in practice less sensi-
tive and less specific techniques are still used: the Demanche, and
Debains techniques, whose ghort incubation -- oce hour &t 37° -- makes
it poasibvle to obtain rapid and on the vhole correct results.

Eecht's technique and its derivatives, using the serum under
examination as the complament socurce, should be completsly abandoned
becawse of the imprecision resulting from the variations in C' content
and hemolysin in differsnt human serums. .
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Mechanism of Agglutination-Flocculation Reactions (Kliine, VORL):

The sercus artibody molecules fix themselves on the antigenic
particles. Agitution epcourages antigen-aniibody wiion, then the
formation of ® network of agglutinates, antibody molecules, bivalent,
Joining two antigenic particles to each other. 8ince the antigonic
perticles comprise & large number of available valences, many particles
can be joined to each other by the antibdoiy molecuies. The more anti-
bodies there are {.. il wcoum, the bigger are the agglutinates. 1In
the presence of nurmal serum, the fine antigenic particles remsin
scattered. These reactions are carricd out on foil and the resulte
of microscope reading under low magnification are recorded in accord-

ance with the same code ms for the C' fixations.

On rare occasions, serums very rich in anti®»cdiee can produce
a zone phenomenon under the standard reactlon conditions: the excess of
antibodices prevents the formmation of the netwvork and the agglutinates.
This zone phenomenon can be detected by a quantitative reaction done on
a series cof serum dilutions: the reaction, which 1s negative with the
highest serum concentration, bocomes positive with lower concentraticns
and becomas negative again at very high dilutions ‘of serum.

This zone phenomenon is observed more frequently with the
agglutination-flocculation reactions than with the C’' fixation reactiusns.
In fact, it is quite evident that these differect methods, if carefully
balanced in function of the serums' usual antibody conteonte, can Le
ipaccwate in some exceptional cases. All these techniques require
scrupulous adherence to the correct proportions of reactives, precise
conditions of time, temperature, pH agitation, stc.

This is wiy perfectly standardized tochniquee, of simple execu-
tion, should be adopted: the Kline or VDRL reactions anawer dstter to
these necassities than the classical reactions of Kahm (ampiricel

antigen; complicetsd original tecnhniqus), Mslnicke, etc.

Qualitative Reactions and Quantitative Reactilons:

The obJject of qualitative reaction is to determine the preserce
or absence of antibodies in the seruns introduced st & single, maiisum
coacentration (pure serum). The response furnished can be:

negative: -
doubtful: ¢
positive: + ++, OF +++,

The "positive" respouse thus expressed reflects a very psrtial

-8 -




quantitative notion. Of courese, a serum givine a s reartion containe
fewer antitwlies than a serum giving se+.

However, the extent of serum diluticn at which the antibody is
still detectable should be made clear, by & Quantitative measurement
-~ {.s., exanination of a series of dilutions of pousitive film.

A positive serum +++ upon gualitative examination may be nega-
tive at a dilutior of 1:2. Another serum may still Le positive &t a
dilution of 1:6L4, then negative at 1:128. Thus, by successive doubling
of serum dilution, the highest serux dilution giving s clearly positive
reaction will be defined. the serum conceatration is then expressed by
the denominator of the dilution fractica. For example:

Concentra-
tion or
Lilutions 1:1 0 1:2 1:k 1:8  1:16 1:32  1:64 Urits
Serum No. 1 +4+4 ~ - - - - - b ]
Serum No, 2 e A= R o = R 2 + - - 8
Serum No. 3 * S N R o e ++4 ++ - 32

Serum No. 3 is an example of a rones phenomenon detected by quan-
titative reaction.

In practice, it is preferable to adcpt a sigple, easy to read
tecunique, such as Kline's reaction, as a quantitative method.

The Vernes methcd measures the intensity of opacification on &
single dose of serum and is expressed in photometric degrees. While
the quantitative reactions are proposed mainly for establishing &
curve reflecting the evolution of the antibody rate 1o time, after
treatment, these reactions are also of interest on the diagnostic
level.,

Actually, it is exceptional -- at least in continental France e- F
for a serum with a concentration of four or more Kline units to come
frow & non-syphilitic subject. On the other hand, it does not seen
that the size of a serum's concentration makes it possible to prejudge

-~ with certainty the evolutive potentiel of the syphilis, There exist
tabes in evolution, syphilitio aortites accompanied ty lovw reagin
retes. Inversely, soms subjects with high reagia rates in theilr serum
g0 mAny years without preseuting eny clinical sign of syphilis.

Sensitivity and Specificity of C' Fixation and F)occulation Reactions:
The reactions effected with non-treponemic, cerdioiipid-base

antigens associate -- as 40 many immunological methods -- non-specific
paysical-chemical phencmena and apecific phenomspa, Thess meibols ere

-9 .




‘ balanced so that under the atendard conditions, their specificity and
i gensitivity are aa high us possible. This state of equilibrium, tdis
compromise between specificity and sensitivity, leads one to expact
inaccuracies inherent in these methods themselves, not to mention
technical failings. The C' fixation reactions -- especially XKolmer's
technique -- are wore sensitive than the flocculation reactions.

) (A serum giving 64 unite in Kolwer's techniqua will not give more

¢ tban 16 easily in Kline's.)

Howaver, the C' fixation reactions are technically delicate, and

in prectice sre more sudject to tschnical shortcomings than the floc-
culation reactions.

The specificity of the tvo types of methods {(Kolmer, Kline) is
entirely comparable, and on the whole, excellent. It has not yot been
proven whether the fractions of antibody globulins detected by these
two types of reaction are ideptical or different. Do discordances
difficult to explain solely by tae differences in sensitivities of
these methods express the fact that fixation of C' datects two glodbu-
linic fractisns and flocculation only ¢net

The Protlem of False Reactions:

The serums of certain subjects who present no antecedent or
clinicsl sign of eyphilis and who are apparently heelthy or afflicted
with maladies having no relation vith the treponematoses react with

. Wassermsan's antigen. With the serums of these subjects, there are
strong indications that specificity 18 lacking in the lipidic reactions,
and according to a disputable terminology these patients belong to a
composite group of "falsely positive bilological reactors.” The causes
suggested to explain these false reactions, loung recognized, are many,
traneient or nearly permanent. The notion of false reaction should be
reserved for thoss subjects examined clinjcally in a very thorough
panner, and after patently positive responses are cbta 1ed to several
1ipidic reactions made at close intervais on several sampies Of serum

, from the game subJject. Furthermors, a% the present time this notiom

: of false positivity can be adopted only if the Nelson test of immo-

vilization of treponemas is negative. If such criteria are adhered to,

: false reactions are extremely rare in continsntal France: on the order

: of one out of 25,000. This extremsly low proportion of false reactions

: obtainad in personal experisnces is in flagrant contrast with ths

' data furnished by certain suthors. Ia the United States, Moore has
assertad that about 40% of vhite subjeots, of s high social lsvel,
cowld present positive 1ipid resctions without syphilis: the discovery
of these fulse positivities is cewsing olinical and blological studies
sometimes discloeing collagenoses vhich are still inapparent -- dis-

| seminated lupus arythemstosus in particular,

1

{
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‘ There are few bacterial, viral, or parasitic infections or dis-

orders of serous globulins linked with tumoral or immuno-pethological
processes vhich have not been suggested as playing e& part in falee
reactiona. Studies made in an African milieu have ghowed us that,
contrary to the conventional datsa, leprcsy is not responsidle for falss
reactions: in the vast majority of cases, poaitive lipidic reactions

in lepers are accompanied by a positive Nelson test, and the frequency ==
often high -- of positive serclogies in these afflicted persons is

found also in the populations from vhich they come.

In Paris, the rare cases of false reactions vhich we have ob-
served concern: cases of disseminated lupus erythematosus, leucosis,

Hodgkin's disease, hepatitis, myeloma, severe lipoidic nephrosis,
heart disease.

In the final ensalysie, the existence cf these false reactiocns
should not be ignored or their frequency cvereatimated. Reactions to
treponemic antigens pFlay an important part in their dlagnosic.

Micromethods and Ultrarapid Methods:

In various circumstances, it is not possible to collect & quan-
tity of blood furnishing the volume of serum required by the standard
techniques. This is often the case with batles, in cases of tracking
syphilis down 'apidly in sizeable population masses in mov.went, or
in regions not equipped with well-provided serology laboratories. For

‘ : a long time, many techniques have been adapted to the availability of

small quantities of serum, sometimes collected on blotting paper by
simple puncture of a finger. Chediak's technique, for example, vhich
requires special eguifment, has been widely used in Central America

and in Germany. Demanche adapted his personal method for C' fixation
to examination of dried blood.

At present, in fact, the methods of flocculation on foil -- Kline
VDRL -- are micromethods requiring a very small volume of serum (0.05 115.
However, in corder to cope with different detection circumstances in-
volving wany samples, with little equipment; several technical methods
have been developed in recent years by the Venereal Disease Research
laboratory group. Thus, the RPR (Rapid Plasma Reagin) test and the USR
(Unheated Serum Reagin) test are simplified veriants of the VDRL test,
in which the antigen is treated by choline chlorhydrate and a chelator
(tetraacetic diamino ethylene acid). Likewise, the Plasmacrit Test is
especially economical 1in cases where microheamstocrits are done routinely
(personnel of cortain industries, ete.), Finally, the Rapid Plaama
Ruagin Ourd Twst dons on blood collsoted by cspiliary oube and finger
puncture requires ueither centrifugs nor mioroscops. 1t ia obvious that

all tha subjects pressating positive reactions in the oourss of deteot-
ion progreams should be resxamined carefully by msens of standard

-3 -
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techniques or reference methods with treponemic antigens.

Reactione to Treponemic Antigens

Non-Pathogenic Traponemsas:

There are several strains of non-pathcgenic treponewas easily
cultivable in anacrobiosis. One of the best known is Reiter's strain,
isolated in 1922 from lesions of recent syphilis. This saprophytic
treponema must have coexisted on the lesions with T. pallidum: the

latter was loat during attemptes at growing it, and only the commensal
has been able to be maintained.

In Germany in 1929, Gaehtgens used suspensions of Reiter trepo-
nema as an antigen in & C' fixation reaction; the results of these
reactions were evaluated very differently. In 1944, d'Alessandro aid
his collaborators in Italy studied the antigenic structure of the
Reiter trepounems and described three principal fractions:

== & proteiq, thermoledile antigen common to T. pallidum and
T. Reiter, active {n C' fixation;

-- a lipidic antigen, analogous to cardiolipid;
== a polyosidic, thermostable antigen.

By treating the suspensions of Reiter treponemas by various pro-
cesses, it wvas possible to prepare antigens consisting mainly of the
group protein. The soluble proteic extract of Reiter treponema thus
used {n C' fixation detects an anti-group protein antibody quite dis-
tinct from the Wassermann reagin. These observations by the Italian
authors were amply confirmed in France, then in the United States, and
the C' fixation reactions with Reiter treponesm have entered into cur-
rent practice. These reactions prove to have a high sensitivity and
specificity higher than those of Kolmer cardiolipid. It is very con-
venient to use the Reiter antigens in the Kolmer reaction coanjointly
with cardiolipid. However, because of the delicate nature of the
C' fixation techniques revealed by hemolysis and wide variations in
the quality of the Reiter antigens available on the market, such
reactions cannot be considered as reference methods. Certain Reiter
antigens possess an anticomplemsntary power producing hypersensitive
and not very specific reactirns. It is also important to select the
antigens very carefully in or4er to bensfit from the anti-group protein
research. The kinetics cf this antibody 1s very comparsbls to that of
the Wascermann reagin.
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Pathogenic Treponemas:

Strains of pathogenic pale treponema of human origin, noa-
cultivable, have been adapted and maintained on rabvbite. Thus, the
Nichols strain was isclated in 1912 by MajJor H.J. Nichols of the

Awmaplean Army frem the [OR ef & patient having & relapse of narveus
syphilis.

This strain, inoculated in rabbits, has returned regularly
since that time and has kept all its virulence for man, as is evidenced
by a pumber of accidental contaminations in the laboratory and inocu-~
lations into human volunteers.

Studies undertaken in 1947 by R.A. Nelson on the culture of .
pathogenic treponemas led to the development of a medium in which,
under an atmosphere of Nﬁaand COp, these microorganisus can be made
t0 survive for at least hours at 35°. Furthermore, by accelerating
the rate of passage to the rabbit testicle, Nelson obtained in these
animals acute orchites very rich in treponemas after eight to ten days
of incubation. BSuspensions of living tréponemas extracted from
rabbit testicles and rid of tissue debris by centrifugation thua be-
came available. In 1949, Nelson ani Mayer developed the treponema-
immobilization test (TPI -- Treponema pallidum immobilization).

This was the first reaction wing a pathogenic treponemic antigen,
regularly reproducible in vitro. The living treponemas brought into
contact with eyphilitic serum and C' are specifically immobilired,
wvhereas they remain mobile when the serum comes from s non-syphilitic
subject. Thus the TPI ies a true C' fixation reaction observable direc-
tly under the microscope against a dark ground.

The originality of thie method concerns the nature of the anti-
gen used (1iving pathogenic treponema); the direct observation of the
conjugate action of an immobilizing antidbody and ¢’ on the treponema;
the use of a large excess of C' (thus eliminating all variation of
sensitivity due to the dosage of C' in reaction -- and this represents
a very important difference from the hemolysis reactions); and ﬁmlly,
thelong incubation required: 18 to 24 hours at 35°.

Resume of the Technique;

Maintenance of the treponema strain by intratesticular inocu-
lation of six to eight rabbits per week with suspensions wvery rich :Ln
treponesas, Observation by touch of development of repid acute .
orchitis, in six to eight days efter inoculstion.

In order to obtain the suspension of treponemas nescessary for
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the TPI:

‘== kill the rabbit;

-= collect the testicles sterilely and cut them into slices;

-= put them in extraction for & fev minutes in the Nelscu
medium

== centrifugate in order to obtain a suspension rid of tissue
debris; ’

-- immedistely distribute the suspension into tubes containing
for each serum:

Test sube Coatrol tube

TP 0.3 0.35
Decomplemented serum to be examined 0.09 0.05
Fresh serum from guinea pigs 0.15 .-

Guinea pig serum heated 30 min, at 56° -- 0.15

Place tubes ina desiccator under an atmosphere of 95° Np and 5%
C02. Incubate 22 hours at 35°.

Reading: take a drop from each tube, mount betwesn foil and
glass cover and examine under microscope against dark ground (objective
ko, eyepieces 10-12X). Mentally count 50 trespouemas seen vhile exaain-

ing the field ten times and press On & corpuscle-counter for each living
trepooema .

From the pumber of living treponemas observed in the test tube
and in the control tube, establish the specific immobilizatioca percen-
tage in eccordance with the formula:

=* (% Mobile control treponemas -- % Mobile test treponemas X 100
.‘ * % Mobvile control treponemas

* [fmmobilisation specifique; specific immobilization/

Nelson proposed the following criteria of interpretation, vhich
ars stil)l fully velid:

from 0% to 20% . abseance of antibody * normal serum
from 20% to 50% » very lov rate of antibodies present = seruam suspsct
from 50% to 100% = presence of antidody = syphiliticserus

Thus, only the immcbilizations equal to or higber than 50% pre-
sent & real diagnostic value.

Thanks tO the control tube, any possible trepooealcidic pover of
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the serum, not linked to the preseace of antibody, can be detected.
Serums loaded with penicillin kill the treponemas in the control tube.
This toxicity can generally be removed by neutralizing the penicillin
by means of penicillinase. Toxicity due to CyHg cannot be removed.

It 18 improbable that the other antidbiotice in current use are respon-
sible for toxicity of sorums. On the other hand, strong bactarisl
contaminations can disturd the reaction and render the result uninter-
Pretable. In this regard it must be rep=mbered that blood samples
should be collected sterilely from fasting subjects, if possible not
under treatment by antibiotics. The blood should be collected in glass
receptacles {certain plastic tubes release toxic substances), capable
of being sealed hermetically, without anticoagulant (citrate Impedes
the action of the complement5.

Metzger recently demonstrated that addition of lysozyme to ths
suspension of treponemas makes it possible to shorten the incubation
time. The lysotyme is reported to "scour" the ireponemas without kill-
ing them and accelerate the action of the immobilizing antibody and
the complement. It may be asked whether an entymatic action is indeed
involved, for the necessary lysozyme concentration is relatively high.
The lysortyms would increase the sensitivity of the TPI. However, this
gain in sensitivity may nrove harmful to the exteat to vhich a nevw
variable is introduced into a method one of whose essential qualities
is that it was balanced admirably by Nelson with only the reactives
strictly necessary. In any case, the addition of lysoryme does not
solve &ll the problems raised by maintenance of the strain of treponemas
and keeping them in perfect sairvival.

Since 1950, broad and indispensable clinical experience has
shown that the TPI keeps the promises initielly advanced by the immu-
nologists. Like all the reactions of neutralization of a virulent
antigen by a homclogous antibody in the presence of C', the immobili-
zation test has proven to have a very high sensitivity (detection of
very low quantities of antibody) and a very high specificity (detection
of antibodies directed solely against the pathogenic treponemas),

While the delicacy of the TPI technique limits its uese, it
imposes on the users a strictness of execution which gives the method
its true character as a refarence reaction to bs used for solving diffi-
cult problems (discovery of latent syphilis, tardy syphilis of uncer-
tain diagnoeis, false reactions). These indicated uses, theoreticelly
limited, are in fact brosdened, for it is often tae task of the TPI tuo~
throv light on the shortcomings of non-treponemic antigen reaction
carried out ingorrectly.

in cases of primary syphilivis infestiens, the imwsbiliaing
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antihody appears only at the end of the primary paricd (an average of
15 days after the Wussermann reagin), From this faet, the Nelson test
has no value for early dlagnosis of & primary syphilitic infection. Oun
the other hand, in the case of reinfections, such as Degoe and e
ourselves have obssrved, the immobiliting antibody reappears in first
place. In syphilitice not treated the immobiliring antibody will pers
siat indefinitely (in contrast vith the reagin, which disappears spon-
tanecusly in a considerable proportion of perscns afflicted). Wnile

a Nelson test found negative cannot be considered a formal proof of
healing, on the other hand the abasence of antibody, on repeated exami-
nation at intervals of aeveral months or years, is a strong argument

in favor of definitive sterili:ation of the treponemic infection. Does
Persistence of the immobilizing antibody confer a certain immunity
against reinfeztion? A first experiment carried out by Nelson aad
Turner in rabbits led these authors to consider that this antibody wms,
at least in part, the basis of immunity and that its presence excluded
the possibility of reinfection. A large breach wvas made in this con-
cept when it wvas possible to prove «- first in rabbits, thea in hwman
volunteers (Sing-5ing experiment) -~ that the subjects carrying the
immobilizing antibody could present chancres at the point of cutaneous
inoewlation with Nichols strain treponemas. Thus a syphilitic, treated

but still having & positiva Nelson test, can be reinfected by a nev
influx of treponemas.

The reinfection acts &8s a recall and is accompanied by a very
fast and sizsable reascension of the antibody concentration. This
leads us to pose the probvlem of the quantitative Neison test.

First of all it must be made clear that 100% immobilization )
produced by a non-diluted serum (qualitative examination) does not make -
it possible to prejudge the absolute value of the antibody concentratiocn
in this serum. The quantitative test is carried out on a series of

serum dilutions (under the same technical conditions ss the qualitative
test).

The serum's concentration of immobilizing antibody ie defined
by the highest dilution producing 50% specific immobilization; it is
expreased by the logarithm of the inverse of this diluticr. The quanti-
tative test makes possible an evaluation, at least approximate, of the
antibody concentratiocn. It reveals, for example, that of two serums
from different subjects giving 100% immobilization on qualitative ex-
auination, one can have an actual coucentration of 100 (low concentra-
tion), and the other, 2,000 (high coucentration).

The value of the information furnishad by evolution of the im-
mobilizing antibody concentratiocn after treatwent is evaluated
diversely. We need not discuss this problem here, but we should empha-
sise that the reproducibility of the Quantitative test is far from
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beling very satisfactory under routine working conditions. Thus, one
should take account only of very large variations in concentration
(passage from 100 to 1,000, from 2,000 to 200). On the level of
"rough' diagnosis, the quantitetive test {8 of no interest, eince the
question posed ie whether or not there is immobilieing antidbody.
Whnether tnere is a little or a lot, the fundamental datum is the same)
presence of immobilizing antibody signifies syphilis (present or past) .
Certain authors want to interpret the presence of antibody in a high
concentration as evidencing the existence of a syphilis in evolution.
Actually, there are tardy syphiles which are symptomatic, evolutive,
and accompanied by a very lov immcbilizing antibody rate; aud inversely,
certain subjects show high entibody rates for ten years without any
ayrhilitic lesion presented oclinically.

In summary, the Nelson test has a very great valus for establish-
ing diagnosis of latent and tardy syphiles as well as for exclusion of
false reactions. It can legitimately be used as a reference reaction.

Accelerated breeding of the Nelson strain of pathogenic trepone-
pAs in the services vhich do the Nelson test has placed at the disposal
ol the experimenters suspensions of these microorganisms, living or
dead, This source of treponemss has made possible the search for other
specific antibodies detectable by lese complex tschniques than the
immobilizaticn test. )

Thus it 1s that 1in 1952 Nelson, studying phagocytosis of trepo-
nemas by the leucocytes, observed the phenomenon of immunity-adherence
of treponemas (sensitized by an antibody in the presence of C') to
human red corpuscles (TPIA). This attachment of living or dead trepo-
nemas t0 the erythrocytee was detected by counting the treponemas in
the supernatant after centrifugstion or as we have shown with Nelson,
by hemagglutination. Us:ng batches of suspensions of treponemas amd
C', very carefuily selected, we were able to show that immunity-
adherence is a specific and sensitive processs for detecting anti-
treponemic antibodies. Unfortunately, this method has proven unusesble
in continuow. vork because of a high frequency of non-specifil react-
ions encountered with many batches of treponemas and C'.

Likewise, in 1953 Charlotte Mcleod and Magnuson, at the Venereal
Disease Experimental laboratory, Rardy and Kollsuder in Johne Hopkins
University, and Cain in Canads described techniques for agglutination
of treponemas by serume from syphilitica (TPA)}. These techniques,
attractive in their simplicity, proved to be unuseable in everyday
practice because of the :pontaneous sgglutinatico of many suspsnsions
of treponemes or agglutination under the influsnce of serums from noa-
sypailitic subjects.
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In 1955, Magnuson and Portnoy described a technique for fixa-
tion of C' {Kolmer type) carried out with an antigen composed of a
suspension of pale treponemas treated vith sodium desoxycholate (TECF).

This method, which has very high sensitivity, pernaps greater
than that of the Neleson test, has not boen widely uset in practice
bacause of the anticomplementary power of the antigen and the high coet
of 1%s preparation. Furthermore, like all C' fixations detected by
hemolysis, this technique is very sensitive in measuring the concen-
tration of C'. Thus, apart from the Nelson teet, thesc various re-
actions to treponemic antigens, to which is added & reproduction of
Pfeiffer's classical phenomenon in the guinea pig, are not indiepen-
sable in the current practicc of serodiagnosis of syphilis.

On the other hand, since 1957, under the impetus of Harris,
Deacon, and collaborstors in the United States, the immunofluorescence
methoa, in the indirect process form, has been applied on & constantly
larger scale to research on treponemic antibodies. Tais fine method,
introduced in France by Borel and Durel in 1959, derives from the work
of Coons, who in 1941 descrived a process making it possible to render
the antigen-antivody cowplexes visible by coupling a fluorescent color=-
ant to antidbody globulins, without denaturation of their immunological
properties. The marked globulins fix themselves on the homologous
antigen, naking it fluorescent and cbservable nder ultraviclet light.
In practice, it was impossible to use this direri pricess, since mark-

ing of the serums to be examined by the fluorescent colorant is & long
and delicate operation.

On the other hand, the indirect ijmmunofluorescence process
appears especially attractive for detecting the antitreponsmic serous
entibodies. This procese invoives two phases:

-< first of all, application of the unmarked aniibody (serua
under exsmination) on the antigen;

-~ then, visualization of the antigen-antibody union by
application of a fluorescent indicator. This indicator is s gerum of
human antigammaglobulins, conjugated tn fluorescein iscthiocyanate.
Thus, a single fluorescent compound is sufficient for examining a
large number cf samples of human serums. When the necessary reactives
(trepopemas and conjugate) and an ultraviolet light source are avail-
adble, this method is very attractive in its rapidity and eimplicity.
Moreover, the very characteristic morphology ol the pele treponemas
makee it relatively easy to interpret the images obssrved undar the
ajcroscope against & dark ground.

Thus, the FTA (Pluorescent Trepoovemic Antibodies) test consists

-~ 18 -

-

P T

4l B oo ol M ot s - ¢




o

in £ixing on foll & suspension of pathogenic treponemas (Nichole strain
bred in rabblta), and then depositing on this antigen a drop of the
serum to be examined. After a sho~t incubation in a moist chamber, the
preparation is washed and then recovered by a drop of marked anti-
glcbulin eerum. After washing, the preparation 1s mounted with a drop
of glycerine and a glass cover. The reading is made immediately under
a8 microscope equipped with adequate filters. With norsal serumt, the
treponemas are not fluwescent; serums loaded with antibodies, retain-

ing the antiglobulin, make the vellow-green treponemes -~ of more or
13ss intensc brilliance -- appear.

The resading is noted in the followving form:

—or+ = vaguely visible = negative
l+ = weakly fluorescent = negative
2+ = moderately fluorescent = positive
3+ = strongly fluorescent = positive

L+ = very strongly fluorescent =positive

It is immediately apparent that this notion of the intensity of
the fluorescence observed is open to dlgpute, for the difference betwveen
1 +(negative) and 2 + (poeitive) is far from always being decisive with
serums containing a low concentration of antibody.

7f each of the principal elements of the reaction 18 recoosidered

in isolaticr, it has to be noted that no standardization of the re-
actives exists azd that many technical details vary in the hands of
different users. Each author regulates the sensitivity and specificity
of the FTA test in function of reference elemcnts: clinical data,
cardiolipid reaction, Nelson *<st. It is clear that toe sensitivity

and specificity of the FTA test are functions of many factors, of which

the principal ones are:

a. The Quality of the Antigen -- Not &1l th¢ suspensions of
treponewas, Nichols strain, obtained from rabbits, posseses an identical
reactivity. The antigenic characteristics of the treponemss can be
more or less modified Ly the reactions of the host, Dy the treatwents
they have been subjected to in preparation and conservation, and dy the
mode of spreading end fixation on foil. It is proven that the trepo-
nemss wust undergo surface modifications in order to hold the antibody
and the conjugate, since in the absence of desiccation on foil, in

liquid medium .1 the tube, the treponemas do not retsin the fluorsscent
colorants,

%. Dilution of tha Serum To Be Examined -- Tbe initial dilution
of the serum is & point of prime importance since it is recognired by

all that serua from & number of non-syphilitic subjects introduced into
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the reaction in a pure or only slightly diluted state causes a dis-

. tinct fluoreegcence of the treponemas. In order to ¢liminate thie
so-called “non-specific™ fluorescence, Deacon has proposed initial
dilution of 1:200 for all serums. Is there a critical dilution rate,
valid for all serums, on the basis of which any observed fluorescence
can be considered specific? This prodblem, which is without importance
for serums very rich in antibvodies, is a fundamental one for low-
antibody serums, such as are found ip the initial and tardy phases of
syphilitic infection.

¢:; Tre Quuiisy of the Marked Axtiglovwlin Berum == Depending

on the product and the author, this serum is used pure or diluted l:hﬁ,
1:200, etc. The preparation of these serums has remained very empi-
rical up to the presect. Will attempts at purification of these
serums, selection of active fractions by passage through Sephadex
and chromatography on cellulose DEA column, or couplings, in fixed

- proportiocans of molecules, of antibody proteins with molecules of color-
ant lead to elimination of the so-called "non-specific" colorants?
At present, the products obtained are of very variable activity as
betwveen one batch and another. This is still one of the mejor short-
comings of the method.

On the other hand, no experimental study has yet made it poesible
to define exactly the antigen or antigens and the antibody or antibodies
implicated in immmunofluorescence. .

‘ . The evolution of the long-term antibcdy in the course of un-
treated syphilis of the rabbit has not yet been established. It is
known only that very high antibody rates (20,000) are sometimes cb-
served in humans afflicted with secondary or tardy syphilis. It would
secem that the antibody appears very early in the course of natural
infection; det 2tion of it could constitute a wiuable element for

! diagnosis of incipylent infections. With regard to the evolution of the

: ‘antibody in cases of untreated syphiles in the sympiowatic latent or

tardy phsses, the present data &re contradictory. According to some,
the impunofluorescence antibody persists indefinitely, like the im-
mobilizing antibody; in tre opinion of others, it disappears sponta-
neously in a ccasiderable number of watreated afflicted persons
(Oslo study on untreated syphilis: Eng, Nielsen, and Wereide).

In the present state of the technique of testing fluorescent
treponemic antibodies, and according to the available information on
the sensitivity and specificity of this method, it would be eatirely
prematwre to assign & definitive place to she FTA test in the arsenal
cf immunologicel techniques applicable to the diagnoeis of eyphilis.

Yor certain users,the FIA test -- vhich is a very seasitive and
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very specific method, with excellent reproducibility -- is the ileal
reaction for application to the diagnosis of syphilia in all its stages,
especially at the very beginning of infection. A micromethod has re-
cently been proposed for detection of syphilis in a long series of
samples (Vaisman, Hamelin, Guthe), In brief, the FTA test is recom-
mended as a replacement for the cardiolipidic reactions, even for the
Nelson test. This idea -- a highly optimistic one, argued mainly by
Deacon, Fribourg-Blanc and Niel, Vaisman and Hamelin -- is fer from
being shered cowpiciely by other cxperimenters, such as Nieleen, Thi-
volet, Miller apd collavorators, and ourselves.

Indisputable as the value of the immunofluorescence method may
be on the plane of research, generalization of iis use on the plane
of everyday diagnosis of syphilis seems premature to us; until true
standardization of the method 18 realized, the cliniciams run the risk
of obtaiuing contradictory information.

By way of conclusion to thls study of the treponemic antigen
reactions, we hold that it is in this group that the most specific and
wmost sensitive methods are found. It 18 in this ajea that the most
active experi. . ation is bveing carried on -- notably, analysi: of the
entigenic structure of the pathogenic treponemas. However, this
research remains complicated by the impossibility of cultivating the
pale treponeme in synthetic mediums. The suspensions of treponemas
obtained from rabbites remain more or lesy loaded with products from the
host, and these products can interfere with the lmmunological phencmens.

Significance of Responses From Serological Reactions

The antibodies detected by the different methods which have
been described have kipetics more or less disparate in time. The
serologicel methods have different sensitivities and apecificities.

Hepue it is not surprising thst eveo apart frowm any technical
shortcomings (and unfortunately, such shortcomings are not rare), the
responses from the various swrclogical reactions are not alwaye in
agraement among themselves.

With the object of sinplification; we shall reccasider in summary
fors the evolution of satibodies in the cuurse of untreated syphilis,
tesing:

1, the Wassermann reagin, detectad both by the C' fixation
rusctions (Kol»r ) apd by the floccwulationreactions (Kline) carried out
with cardiolipadic antigens; . ;
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. (2e1) 2+ the immobilizing antibody detected by the Nelson test
TPI1,;

3. the group anti-protein detected by the fixaticn of C'
with proteic antigen extiracted from the Reiter treponema;

L, the antibody detected by immunofluorescence (FTA).
Recent 8yphilis -- Primery-Swoondary:

The FTA would seem to appear first, 15 days after the begianing

of the chancre. The reagin and anti-group protein appear about three
weeks after the beginning of the chapc:e.

The {umobilizing antibody appears at the end of the chancre and
&t tbe beginning of the second period (except in the case of reinfac-
tion, when 1t often reappears first).

These antibodies attain the highest conceniratioos at the enmd
of the secondary period:

Reagin: 64 to 256 unite
| Reiter: 6k to 256 units
TPI: 1,000 to 3,000

FlA: 3,000 030,000 (1)

. ig.tcnt Syphiiis:

Essential phase for serological diagnosies, very valuable in
duration, from end of the secondary period to the tardy phase.

Reagin! generally predent in very smell ocongentrations)
pometimas absent

Reiter: generslly pressnt ia varlabie concentretions; escme-

times absent
TPI: always present in more or less high conceatrations

PTA: generally present; somstizmes absent (1)
Asymptomatic Tardy Syphilis: '

SBimple prolongation of lutent sypuilis in time, Indefinite
duretion.

Reag.n: often abéent
Reiter: often absent
TPI: present

l | FTA: ?
l .
|




Symptomatic Tardy Syphilise:
(Guzmas, rervous and cardiovascular oyphilis)

Reagin: present in low or high coacentration; often entirely

absent

Reiter: present in lov or high conceatration; sometimes
atsent

TPI1: generally present ir lov or high concentration; very
rerely absent

FTA: 1

In sumary: the reagin appears early, but can disappsar quite
fast (of dimgnostic interest st beglnning of syphilis).

The anti-group protein seems to persist a little longer than the
reagin.

. The 1mmobiliring antibody, late in appearance (without diagnos-
tic interest at the beginning of syphilis), persists almost indefinitely
(of interest for tardy disgnosis).

The immunofluscreacence antibody appears very early. Its sub-
sequent evolution is uncertain.

interpretation of Results

The results of serological reactions require first of all to be
interpreted with the individual qualities of sensitivity and speci-
ficity of the different methods taken intoc account. In cases in which
clinical examination reveals nothing, interpretation of the results will
be valid only if at least two aamples of serum Jor the same subject
are examined at an interval of szveral days and give clear and con-
cordant responses .

However, it is not necessary to expect clarification from a

- multiplicity of reactions,especially if they are intended to detect

the same type of antibody. If two cardiolipidic reactions (Kolmer,
Kline) raiee a dilagnostic problem, the solution will generally be
furnished by a control reaction -- the Nelson test.

In cases waers thit is not praciical, use should be made Of the
reacticn with Reiter antigens, and perhape, in the future, immuno-
fluorescence.

To simplify in the extremes, the following eventualities may be '
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taken:
Reagin TPI Interpretation
+ + syphilis certain, current Or past

interest of sroagin concentratioa

- - healthy subject, or cured l§philitic, or f
beginning syphilis (chancre

+ - beginning syphilis,
false biological reaction

- + latent or tardy syphilis

On the other hand, if one takee the whole of the serological

reaponses and compares them with the clinical examination, the following
ovnn@unlitiel will be seen:

Concordances:

Clinical - serological - : healthy subject or cured syphilitic

Discordances:

1. Clinical + serological - : tardy syphilis (very rnreg
2. Clinical - serologicsl ¢ : latent syphilis (frequent

Data Furnished by Cephalorachidian Liquid (ICR):

All the resctions applicable to serum can be carried out on
1CR. However, in certain cases it 18 necessary to conceutrate the LCLR
proteins, fcr as a general rule, the antibody rate is less high in this i\
liguid than in the blood. Complete observations making 1t possivie to ’
suspect antibody production localized at the neuraxis are very rare.

In the vast majority of cases, the antibodies are present simultaneously
in the LCR and in the serum; whence a strong tendency to consider that
the antibodies pass from the blood into the LCR through the meningeal
barrier. On the diagnoetic level, it i8 very exceptional for the die-
covery of antibody in the LCR alone to contribute decisive information.
In the case of the frequent meningeal reactions accompanying secondary
syphilis, the antibodies are present in the serum and the ICR. Because
of the high sensitivity of the Nelson test, the immobilizing antibody
can be detected in the LCR when the reagin is absent from it (especially
in tardy ayphiles). Up to the present, we have naver observed positive ) ]
TPI in ICR and negative TPI 4in the scrum. This notion, vhich is perhaps
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not abvsolute, removes a great deal of the diagnostic value from iso- |
lated search for antibeody in the LCR. On the other hand, association
of a positive TPI in the esrum and in the ICR provides an important
indication of injury of the nervous system.

Purtnermore, iDR lenas 1uaelf vai

1. Quantitative determination of the albumin rate (normal
rate: 0.25 g per 1,000 ml) or the total protein rate (usrually higher
than 40 mg per 100 ml in neurosyphiles). The Pandy and Nonne tests
are of limited value.

2. Counting of cells (normal: leass than 2 elemente per
m3), which should make possidble in particular recognition of the
noderate forms ¢f asymptomatic neurosyphilis.

3. Tae non-specific test of precipitation of colloidsl
benzoin. In neuroayphiles, the benzoin suspension floecculates in the
tubes in wvhich the LCR concentration is high, contrary to what
happens wvith normal LOR. Flocoulation is expressed in figures: O 1 2.

Normal 1iquid: 0000002200000000
FG liquid: 2222222220000000

This non-specific reaction has lcet much of ite interest since
the use of the Nelson test.

Particular Case of Infants Born to a Syphilitic Motber:

It is generally granted that the treponema traverses the chorial
villosities of the placenta only from the fifth month of pregnancy.
Hence it is only after the fifth month that the foetus can be infected
end begins to produce its own antibodies, althuugh the foetus's and
newborn baby's capacity for producing antibodies 1s Judged in differeant
ways and can be influsnced by immunological tolerance phenomena.

In practice, tvwo Problems concerning congenital syphilis are
to be considered:

1. The passive tranafer o: maternal antibodies to the
infant vithout infection of the latter. The infant baving received
only the antivodies from the mother (treated), eliminates them in a few
weeks or months after birth. Thie gradual elimination should be
folloved by quantitative reactions (Kline, for example). The anti-
1lipidic antidodies disappear feaster than the immodbiliring antibody.

2. The foetus has been contaminated more or less late in tha
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course of pregnancy, or even upon delivery. The nevborn may possess
antibodies from his mother, his own antibod.es, or no antibvodies
(contamination upon delivery). Therefore it will be useful t~ compare
the antibody rate in the serum of the mother and of the infant; in

the latter, the rate will gradually rise in the cese of tardy mfeotion,
and will gubsequently evolve as in the adult.

Allergy in Syphilis:

Since the beginning of this century, the concept of
the intervention in syphilis of a nypersensitivity comparable tc that
of tuberculous persons to tuberculin has been recognized. According to
Bordet, this hypersensitivity has the effect of giving to pathological
neoformations an importance disproportionate to the number of germs
vhich they contain. Very many attempts at exploration of this allergy
by intradermic inoculation of products containing treponemas have heen
undertaken since 1906. For a 1long time, the results of intradermo-
reactions carried ocut with “luetins" of different origins were subject
to discussion, and the specificity of this test was unceriain. 1In
1941, Degos, wusing the luetin of Muller and Brandt, prepsred from

‘syphilitic corchites of rabbits inoculated with several strains of tres

ponemag,demonstrated the interest of research on hypersensitivity and
made it clear that only an aliergy was involved.

Since development of the Nelson test (1949), suspensions rich
in pathogenic treponemas, relatively free of tissue debris and useable
in intradermoreaction after treatmest by formalin, have been available.
This luetin, composed of formslinated treponemas in suspension in
physiological water, has been used widely, notably by Simeray, Gate,
Thivolet, aad Sohier in Lyon, by Fanque, Tramier and Charpy in Mar-
seille, and Huriez in Lille.

From Simeray's excellent study, it may be held that exploration

- of cutaneous allergy by intradermic injection of 0.20 ml of luetin is

a specific method. Thne results obtained show the independence of the
allergy phenomena of production of serous antibodies. The reaction ise
negative to the primary-secondary phases of syphilis. It is :on-
stantly positive in the forms of late syphilis with cutaneous, osseous
and cardiovascular manifestations. Intradermoreaction is not alwvays
positive in latent and nervous syphiles.

Thus, on the disgnostic level, exploration of cutsneous allergy
is not to be neglected in the tardy forms of syphilis. In practice,
one injects 0,10 to 0.20 ml of treponemic suspension into the skin of
the deltodian or forearm region. A control is made with an extract
frogz testicles of non-syphilized rabbits. The reaction is read from
tvo 1o four days after injection. Negative reaciion is not accompanied
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by & dermic lesion -- at wost a slight trensitory erythema.

The positive reaction is expressed by the appearance at the
point of inoculation, in two or three days, cf an erythem~tous papule
of variable 4 ameter, which sometimes can become vesiculous or necrotic.
The infiltration is maximum on the fourth day, and persists for soue
15 days. 1In function of the dlameter and infiltration of the papule,. .-
the reading can be noted by: +, ++, +++, OF + ++, '

In summary, the "luo-test” contributes elements useful in
diagnosis of tardy ayphilis, detecting a hypereensi.ivity of retarded
type which, while it plays no part in immunity, 1is doubtlessly an
aggravating factor of the organic lesions initiated by the treponems,

Influence of Immunity on Diagnosis of Syphilis:

Any eubject having contracted syphilis and nsving received no
treatment will have an immunological behavior different from that of a
nev subject as regards a reinoculation: he will sho< no primary-
secondary accidents; his antibody response will be accelerated; and
he may heve some gummatous lesions. The etate of resistance develops
slovly; the effectiveness of immun:ty 1s limited and 1t declines vith
time, The part played by the antibodies in this relative immunity ie
very poorly defined in eyphilis as in tuberculosis. Since no &ttempt
at vaccination against syphilis has been succesgful eo far, the pre-
sence of antibody can only be the result of contracted infectioa.

Diagnostic Differential as Between Reinfection and Relapse:

The contribution of serology to the solution of this sometimes
very difficuit problem should be interpreted with prudence, for
many factors, practically uncontrollable, can intervene.

Customarily, in cases of reinfections, the reeppearance of anti-
bodiea 1s very repid and the concentrations obtained are high (we
recall that the immobilizing antibody may reappear first). In cases of
relapee, ascension of the antibody rate can only be very gradual.

Among the factors capable of influencing the production of anti-
bodies, we cite only earliness of treatment and administrstion of
corticoids.

Problem of Other Treponematoses:
The group of treponemas pathogenic for men includes:

Treponema pallidum: causal organism of syphilis
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Treponema pertenue: causal agent of yave
Treponema carateum: causal organism of pinta.

Furthermore, the treponemas responsible for

~= bajel in Asia Minor and the eastern Medi{terranean

~- the endemic syphilis of the Balkans and certain regions
of Africs .

-~ dichuva in Bechuanaland
-- 8itl ip Ganmbia
-= njovera in Southera Rhodesis

are considered as identical with T. pallidum, and these treponematoses
are often grouped under the heading of endemic syphilis or non-venereal
syphilis, frequenily acquired in childhood. Because of the close antl-
genic relationships existing among the pathogenic treponemas, the

serology of treponematoses represents & typical example of crossed
reactions.

It is inpossidle to distinguish the various treponemstoses on the
serological level: Wassermann's reagin appears in the course of yaws
as vell as syphilis. The Nelson test can be made doth wvith T. pallidum
and vith T. pertenuve to detect immobllizing antibody in syphilitics.

Conclusion

There are remarkable facilities for serclogical reactions appli-
cable to diagnosis of syphilis.

In practica, from euch & rich array -- perhaps t0o rich --, one
should choose a limited number of reactions done with strict technical
exactness ig the presence of adequate controls.

In the vast majority of cases, the cardiolipidic reactions answer
to the requirements of clinical examination and epidemiology. The
Nelson test =~ of remarkable specificity aid used especially for study
of 1litigous cases -- remains tbe reference reaction.

The poaition of immunofluorescence cannot be formally defined at
present.

. After a long period of isolation, the serology of syphilis bas
come back into the framework of immunology of bvasterial maladiies. The

presence of antibodies is linked to the presence of the treponema.

However, no serological method, no matter hov highly perfected, -
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is completely immune from failure. Only close cooperation between
clinician and biclogiat gives to serodiagnosis of syphilis ali ita
significance and value.
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